Materials play a crucial role in shaping technology, and carbonbased nanomaterials possess some remarkable properties that have enabled their use in a wide variety of devices. These include miniaturized physical sensors made from single-walled carbon nanotubes (SWCNTs), specifically, pressure sensors that exhibit an ultra-wide dynamic range and operate at ultralow power. [1] [2] [3] [4] The high elastic modulus and electrical properties of SWCNTs also make them an attractive candidate for nanoelectromechanical systems (NEMS) for high-frequency and low-actuation-voltage devices. 5 Vertically oriented carbon nanofibers, where the graphene layers are inclined to the central axis, also possess interesting mechanical and electrical properties 6 that can be applied to the development of miniaturized NEMS switches and resonators in a 3D architecture. [7] [8] [9] In addition, ensembles of vertically oriented multi-walled carbon nanotubes exhibit remarkable light-trapping capabilities that are effective optical absorbers in the IR for radiometry and energyharnessing applications. 10, 11 Such carbon-based absorbers are also remarkably resilient to high temperatures and are a robust and rugged class of absorbers compared to diffuse metal blacks, which can be mechanically fragile.
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The 2D form of carbon, graphene, has also received significant attention since 2004 when it was mechanically isolated into single atomic layers. 12 The carbon atoms in graphene are arranged in a 2D-planar hexagonal honeycomb crystal lattice structure: see Figure 1 . Graphene exhibits a ballistic room-temperature electron mobility of 2:5 10 5 cm 2 /V s, 13 carries ultra-high current densities 10 9 A/cm 2 , 14 exhibits a huge Young's modulus of 1TPa with a breaking strength of 40N/m, 15 and has an excellent elasticity for accommodating strains of up to 20% without breaking. Graphene also has a very high conductivity of 5000W/m K 16, 17 and optical absorption of 2.3%. 18 These properties-flexibility, strength, high conductivity, and transparency-have led to graphene being proposed as a replacement for indium tin oxide (ITO) in organic LEDs, displays, touch screens and solar cells, ultra-capacitors, and chemical sensors. Coupled with its remarkable electronic properties, it is a strong contender for next-generation electronic devices in nanoelectronics, particularly in the RF regime.
Although great strides have been made recently for applications of graphene that have stemmed from its unique electrical, mechanical, and optical properties, the absence of an intrinsic bandgap in pristine graphene restricts its usefulness in some applications, specifically digital electronics, where high on/off ratios are desired. Interestingly, recently realized layered
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2D crystals of other materials similar to graphene include the transition metal dichalcogenides, transition metal oxides, and other 2D compounds such as insulating hexagonal boron nitride (BN), bismuth telluride (Bi 2 Te 3 ), and bismuth selenide (Bi 2 Se 3 ).
The transition metal dichalcogenides, such as MoS 2 , consist of hexagonal layers of metal M atoms sandwiched between two layers of chalcogen atoms X with stoichiometry MX 2 . As with transition metal dichalcogenides in general, the interatomic binding in MoS 2 is strong, arising from covalent in-plane bonding, but the subsequent layers interact through weaker van der Waals interlayer forces. It is this weak van der Waals interaction that enables such layered materials to be easily exfoliated mechanically. Depending on the combination of the transition metal atom and the chalcogen-sulfur (S), selenium (Se), or tellurium (Te)-a wide variety of transition metal dichalcogenides are possible, each offering a unique set of properties. For example, hafnium sulfide (HfS 2 ) is an insulator, but NbSe 2 is metallic, and monolayers of other transition metal dichalcogenides such as molybdenum sulfide (MoS 2 ), tungsten sulfide (WS 2 ), and tungsten selenide (WSe 2 ) are semiconductors. In addition to the transition metal dichalcogenides, the chalcogenides of groups III, IV, and V also show a graphite-like layered structure.
Recently, it was shown that bulk MoS 2 films are indirect band gap semiconductors with a band gap of 1.2eV. However, monolayers of MoS 2 are direct band gap semiconductors with a band gap of 1.8eV. Already, devices incorporating such systems show promising characteristics. For example, transistors derived from 2D monolayers of MoS 2 show on/off ratios many orders of magnitude larger than the best graphene transistors at room temperature, with comparable mobilities. 19 The intrinsic band gap in these layered materials can be tuned depending on the choice of materials and suggests possible applications in photonics, sensing, and energy harvesting.
The field of 2D materials beyond graphene is likely to grow at a rapid pace in the near future. 20 And while the many device applications that have emerged recently have been reported for mechanically exfoliated layers, progress in the synthesis of these materials will prove to be a key factor for propelling this field forward in the coming years. 
